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(54) SOLID ELECTROLYTE SWITCHING DEVICE, FPGA USING SAME, MEMORY DEVICE, AND 
METHOD FOR MANUFACTURING SOLID ELECTROLYTE SWITCHING DEVICE 



(57) The present invention provides a solid electro- 
lyte switching device, which can maintain an on or off 
state when the power source is removed, the resistance 
of which in on the state is low, and which is capable of 
integration and re-programming, and FPGA and a mem- 
ory device using the same, and a method of manufac- 
turing the same. 

A solid electrolyte switching device (1 0, 1 0', 20, 20') 
comprises a substrate (11) in which surface is coated 
with an insulation layer, a first interconnection layer (13) 
set on said substrate (11), an ion supplying layer (17) 
set on said first interconnection layer (13), a solid elec- 
trolyte layer (1 6) set on said ion supplying layer (1 7), an 
interlevel insulating layer (12) having a via hole set to 
cover said first interconnection layer (13) ; said ion sup- 
" plying layer (1 7), and said solid electrolyte layer (1 6) ; a 
*J counter electrode layer (15) set to contact said solid 
electrolyte layer (1 6) through the via hole of said inter- 
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level insulating layer (12), and a second interconnection 
layer (14) set to cover said counter electrode layer (15). 
The switching device can be provided in which the on 
state, or the off state can be arbitrarily set by the thresh- 
old voltage applied between the ion supplying layer (1 7) 
and the counter electrode layer (15) ; which is non-vola- 
tile, and the resistance of which in the on state is low. 
The switching device of the present invention is also 
simple and fine in structure, and hence makes it possible 
to provide smaller switching devices than are currently 
available. Further, using the switching device of the 
present invention as the switching device of an FPGA 
(30) makes it possible to provide re-p ro g ram m able and 
fast operation FPGA (30). Using the switching device of 
the present invention as a memory cell of a memory de- 
vice makes it possible to provide a non-volatile memory 
device with high programming and reading speed. 
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Description 

Technical Field 

[0001] The present invention relates to a solid elec- 
trolyte switching device, FPGA and memory devices us- 
ing the same, and a method of manufacturing the same. 

Background Art 

[0002] As a switching device with the ability of main- 
taining the state of on or off when the power source is 
switched off (non-volatility), prior to this invention exists 
firstly an antifuse device, secondly EEPROM (Electri- 
cally Erazable and Programmable Read Only Memory), 
thirdly an electron device which can control the conduct- 
ance by utilizing a mixed conductor, which is a sort of 
solid electrolyte, fourthly a PMC (Programmable Metal- 
lization Cell), fifthly a PCRAM (Programmable Conduc- 
tor Random Access Memory), and sixthly a PCM (Phase 
Change Memory). 

[0003] The antifuse device as the first prior art is a 
switching device that has two electrical states, on and 
off, and can irreversibly transit from off to on state by 
using either an electrical or physical method. The anti- 
fuse device is usually composed between two intercon- 
nection layers, and is electrically connected these two 
layers. It is programmed (transition from off to on state) 
by biasing a high voltage selectively between these in- 
terconnection layers. This on state is maintained after 
the voltage source is disconnected (see U.S. Pat. Nos. 
5,070,384, 5,171,715, 5,387,812, and 5,543,656, and 
Japanese publication No. JP 08-78532A). 
[0004] The EEPROM as the second prior art consisits 
of a floating gate electrode that is sandwiched between 
the control gate electrode of a transistor and its channel 
layer. The transistor is turned on or off by being charged 
or discharged electrically via the floating gate electrode. 
This charge or discharge is conducted by a tunneling 
current through an oxide film where electrons are inject- 
ing into or discharging from the floating gate electrode. 
Since the floating gate electrode is surrounded by insu- 
lating film, the stored charge is not lost after the power 
source is switched off and the non-volatility is attained 
(see U.S. Pat. Nos. 4,203,158, and 4,366,555). 

The antifuse device and EEPROM are now used 
for FPGA (Field Programmable Gate Array). The FPGA 
is a device in which hardware configuration can be 
changed for each application. A user can wire logic cir- 
cuit blocks by switching devices, and various hardware 
configurations can be attained by different wiring posi- 
tions. This FPGA has, compared with ASIC (Application 
Specified Integrated Circuit), various merits such as be- 
ing general commodity and hence can be manufactured 
with low cost and short TAT (Turn Around Time), and 
hence its market scale is rapidly expanding. 
[0005] The electron device as the third prior art is a 
switching device utilizing silver sulfide that is a silver ion 



conductive solid electrolyte (see Japanese publication 
No. JP2002-76325A). 

The solid electrolyte is a material in which ions can 
move around freely in a solid. So far many materials 

5 showing cations and anions conductivity have been 
found. In case that thesolid electrolyte contains a metal, 
metal ions move in a solid and transport an electric cur- 
rent when an electric field is applied. Furthermore, a 
mixed conductor that is a sort of a solid electrolyte is 

10 capable of the electron conduction in addition to the ion- 
ic conduction. 

Fig. 18 shows the structure of an electron device 
disclosed in Japanese publication No. JP 2002-76325A. 
As shown in the figure, silver sulfide 61 is formed on a 

15 semiconductor substrate 63 by sulphidizing the surface 
of silver wire, and it is set close to platinum wire 62 as 
a counter electrode. Since the gap between silver 
sulfide 61 and the platinum wire 62 is smalL when a pos- 
itive voltage on silver sulfide 61 and a negative voltage 

20 on platinum wire 62 are applied by a power source 67, 
silver ions 64 in silver sulfide 61 are deposited on the 
surface as silver atom, a silver bridge 65 is formed over 
the gap to platinum, and a point contact is formed. In 
this case, current between silver sulfide 61 and platinum 

25 wire 62 does not flow while the bridge 65 is not formed, 
but begins to flow when the bridge 65 is formed. Forma- 
tion and disappearance of the bridge 65, that is, on and 
off occur at about 0.2V and at high speed, shorter than 
microsecond. 

30 [0006] The electron device PMC as the fourth prior 
art, for example, a two terminal switch device using chal- 
cogenide (see U.S. Pat. No. 5,761 ,115 (Fig. 1 and Fig. 
4B)). 

Fig. 19 is a cross-sectional view showing the 
35 structure of the electron device as the fourth prior art 
mentioned above. The PMC 70 device comprises an ion 
conductive layer 72 on a substrate 71 between a cath- 
ode 73 and an anode 74. When a voltage is applied be- 
tween the cathode 73 and the anode 74, a dendrite 75 
40 grows along the outer side surface of the ion conductive 
layer 72 from the cathode 73 toward the anode 74. which 
forms a current path resulting in switching action. The 
figure shows dendrite 75 growing along the surface of 
ion conductive layer 72. The ion conductive layer 72 
45 consists of As 2 S 3 -Ag (arsenic trisulfide-silver) that is a 
solid electrolyte material like thesilver sulfide mentioned 
above. The resistance change of this electron device is, 
for example, 2.65 MQ in the off state and 2.1 M£2 in the 
on state. 

50 [0007] The PCRAM as the fifth prior art is a two ter- 
minal switching device utilizing silver germanium-sele- 
nide that is a silver ion conductive solid electrolyte (see 
U.S. Pat. No. 6,348,365B1 (Fig. 6)). 

Fig. 20 is a cross-sectional view showing the 

55 structure of PCRAM as the fifth prior art mentioned 
above. PCRAM 80 comprises an insulation material 81 , 
a conductive material 82, and a dielectric material 83 on 
a semiconductor substrate 87, with a recess structure 
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(groove structure) in part of the dielectric material 83. In 
the recess structure an ion conductive material 86 and 
a metal 84 are provided, and an electrode 85 is provided 
on both the metal material 84 and the dielectric materials 
83. The ion conductive material 86 is solid electrolyte 
material like silver sulfide mentioned above. When a 
voltage is applied between the electrode 85 and the con- 
ductive material 82, the current path, called a dendrite, 
is formed on the surface of the ion conductive material 
86, and the electrode 85 and the conductive material 82 
are electrically connected. When the opposite voltage 
is applied, the dendrite disappears, and the electrode 
85 and the conductive material 82 are electrically isolat- 
ed. 

[0008] The PCM as the sixth prior art utilizes the con- 
ductivity change that results from the phase change be- 
tween a crystal and an amorphous phases in a chalco- 
genide semiconductor. The phase change of a chalco- 
genide semiconductor is the binary phase change be- 
tween the crystal and the amorphous states which can 
be induced by heating and cooling it or by applying either 
one of two kinds of pulses with a varying pulse width 
and pulse amplitude. This phase change depends not 
on the applied voltage polarity but on the pulse width, 
amplitude, and so on, of the voltage pulse (see U.S. Pat. 
Application Publication No. US2002/0081804-A1). 
[0009] The antifuse device as the first prior art is the 
switching device mainly used for FPGA, and is charac- 
terized by its short signal delay owing to the small re- 
sistance in the "on" state. However, this device cannot 
be re-programmed, therefore in the case of FPGA pro- 
gramming, such requests as debugging or program 
modification during operation cannot be met. 

On the other hand, the EEPROM as the second 
prior art is capable of re-programming, but its wiring is 
complex because of the three terminal structure and its 
integration density is low. The "on" resistance of this de- 
vice is as large as several k£2, as it is limited by the MOS 
transistor resistance. The electron device as the third 
prior art requires a gap between the mixed conductor 
and the counter electrode. Making a gap requires addi- 
tional process that in turn lowers the yield. 
[0010] As for the electron devices as the fourth and 
fifth prir arts, since the dendrite, which acts as the cur- 
rent path, is formed on the surface around solid electro- 
lyte, it is questionable whether a high reliability is ex- 
pected over a long period of time use. 

Furthermore, for the electron device as the fifth pr- 
ir art, the ion conductive material 86 is buried in the re- 
cess structure formed in the dielectric material 83. In or- 
der to bury the ion conductive material 86 into the recess 
structure, it is necessary to planarlize the surface by us- 
ing CMP (Chemical Mechanical Polishing) method. Fur- 
thermore, in order to bury the metallic material 84 into 
the dielectric material 78 a recess has to be formed by 
using either a dry or wet etching method, which increas- 
es the complexty of the manufacturing process and 
hence increases the cost. 



[0011] Furthermore, as for the electron device as the 
sixth prior art, since the crystal and amorphous phases 
are formed by heating chalcogenide semiconductor us- 
ing two pulses of different wave shapes and changing 
5 the cooling time in effect, the control of pulse shape is 
complex and the resistance change is small. 

Disclosure of the Invention 

10 [0012] Considering the problems described above, 
the object of the present invention is to provide a switch- 
ing device which can maintain an on or off state when 
an electric source is switched off, has a low on state re- 
sistance, can be highly integrated, and is capable of be- 

15 jng programmed in either the on or off state, and FPGA, 
memory device using the same, and method of manu- 
facturing the same. 

[0013] In order to achieve the object mentioned 
above, there is provided in accordance with the present 

20 invention thereof the first construction of a solid electro- 
lyte switching device comprising: a substrate in which 
surface is coated with an insulation layer; a first inter- 
connection layer set on said substrate; an ion supplying 
layer set on said first interconnection layer; a solid elec- 
ts trolyte layer set on said ion supplying layer, an interlevel 
insulating layer having a via hole set to cover said first 
interconnection layer, said ion supplying layer, and said 
solid electrolyte layer; a counter electrode layer set to 
contact said solid electrolyte layer through said via hole 

30 of said interlevel insulating layer, and a second intercon- 
nection layer set to cover said counter electrode layer. 
[0014] The second construction of a solid electrolyte 
switching device of the present invention comprises: a 
substrate in which surface is coated with an insulation 

35 layer; a first interconnection layer set on said substrate; 
a counter electrode layer set on said first interconnec- 
tion layer; a solid electrolyte layer set on said counter 
electrode layer; an interlevel insulating layer having a 
via hole set to cover said first interconnection layer, said 

40 counter electrode layer, and said solid electrolyte layer; 
an ion supplying layer set to contact said solid electro- 
lyte layer through said via hole of said interlevel insulat- 
ing layer; and a second interconnection layer set to cov- 
er said ion supplying layer. 

45 [0015] According to the construction described 
above, when a negative voltage applied to the counter 
electrode layer relative to the ion supplying layer is lower 
than the threshold value, the resistance between the 
first and the second electrode layers decreases and the 

50 state transits to on. Conversely, when a positive voltage 
applied to the counter electrode layer relative to ion sup- 
plying layer is higher than the threshold value, the re- 
sistance between the first and the second electrode lay- 
ers increases and the state transits to off. When an ab- 

55 solute value of the applied voltage is lower than the 
threshold value, or the power source is removed, the on 
or off state mentioned above is maintained. The resist- 
ance of the on state is lower than that of the MOS tran- 
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sistor of the same size. 

[0016] According to the construction mentioned 
above, the solid electrolyte layer consists of preferably 
an ion conductive material, and the ion supplying layer 
consists of the material which supplies ions to the ion 
conductive material. The solid electrolyte layer may be 
any one of copper sulfide, chromium sulfide, silver 
sulfide, titanium sulfide, tungsten sulfide, nickel sulfide, 
tantalum sulfide, molybdenum sulfide, zinc sulfide, ger- 
manium-antimony-tellurium compound, and arsenic-tel- 
lurium-germanium-silicon compound. The ion supplying 
layer may be silver or copper. 

According to the construction described above, 
the solid electrolyte layer preferably consists of the 
mixed conductive material in which ion conduction and 
electron conduction co-exist, and the ion supplying layer 
consists of the material which supplies ions to the mixed 
conductive materials. 

The combination of the solid electrolyte layer and 
the ion supplying layer may be any one of copper sulfide 
and copper, chromium sulfide and chromium, silver 
sulfide and silver, titanium sulfide and titanium, tungsten 
sulfide and tungsten, nickel sulfide and nickel, and tan- 
talum sulfide and tantalum. 

[0017] Another construction of a solid electrolyte 
switching device in accordance with the present inven- 
tion comprises: a substrate in which surface is coated 
with an insulation layer; a first interconnection layer set 
on said substrate; a solid electrolyte layer consisting of 
mixed conductive material which contains ion conduc- 
tive material or metallic ions and in which the ion and 
the electron conductions co-exist set on said first inter- 
connection layer; an interlevel insulating layer having a 
via hole set to cover said first interconnection layer and 
said solid electrolyte layer; a counter electrode layer set 
to contact said solid electrolyte layer through said via 
hole of said interlevel insulating layer; and a second in- 
terconnection layer set to cover said counter electrode 
layer; and said first interconnection layer contains metal 
which is contained in said solid electrolyte layer. 
[0018] Still another construction of a solid electrolyte 
switching device in accordance with the present inven- 
tion comprises: a substrate in which surface is coated 
with an insulation layer; a first interconnection layer set 
on said substrate; a solid electrolyte layer consisting of 
mixed conductive material which contains ion conduc- 
tive material or metallic ions and in which the ion and 
the electron conductions co-exist set on said first inter- 
connection layer; an interlevel insulating layer having a 
via hole formed on said substrate and set to cover said 
first interconnection layer and said solid electrolyte lay- 
er; a counter electrode layer set to contact said solid 
electrolyte layer through said via hole of said interlevel 
insulating layer; and a second interconnection layer set 
to cover said counter electrode layer; and said second 
interconnection layer contains the metal which is con- 
tained in said solid electrolyte layer. 

The solid electrolyte layer described above is pref- 



erably metal sulfide, and the first or the second intercon- 
nection layer may contain the metal that is contained in 
the metal sulfide. The solid electrolyte layer may also 
be copper sulfide and the first or the second intercon- 

5 nection layer may be made of copper. 

[0019] According to the construction described 
above, the first or the second interconnection layer is 
made of the same metal as that of the metallic ion of 
solid electrolyte layer, and since these interconnection 

10 layers act as the ion supplying layer, they function as 
the solid electrolyte switching device even without ion 
supplying layer. When a negative voltage applied to the 
a counter electrode layer relative to the ion supplying 
layer is lower than the threshold value, the resistance 

15 between the first and the second electrode layers de- 
creases, and the state transits to on. Conversely, when 
a positive voltage applied to the counter electrode layer 
relative to the ion supplying layer is higher than the 
threshold value, the resistance between the first and the 

20 second electrode layers increases, and the state tran- 
sits to off. When an absolute value of the applied voltage 
is lower than the threshold value or the power source is 
removed, the on or off state mentioned above is main- 
tained. The resistance of the on state is lower than that 

25 of the MOS transistor of the same size. 

[0020] The counter electrode layer may be any one 
or any combination of platinum, aluminum, copper, tita- 
nium, tungsten, vanadium, niobium, tantalum, chromi- 
um, molybdenum, and the nitride or the silicide of these 

30 metals. 

[0021] The solid electrolyte switching device decribed 
above can have off characteristics in the initial state be- 
fore voltage application. The solid electrolyte switching 
device can also have on characteristics in the initial state 

35 before voltage application. 

It is also preferred that an input voltage or its ap- 
plication time is feedback controlled so as to make the 
on or off resistance to be the desired value for said solid 
electrolyte switching device to transit between on and 

40 off states. 

[0022] An FPGA of the present invention is character- 
ized in that the solid electrolyte switching device de- 
scribed above is used as a switching device for pro- 
gramming of FPGA. According to this construction, 

45 since the solid electrolyte switching device possesses 
non-volatile memory function, its threshold voltage to 
switch on and off states can be made higher than the 
signal voltage of FPGA, and its on resistance is low, the 
re-programmable high speed FPGA can be provided. 

50 [0023] A memory cell which uses the solid electrolyte 
switching device of the present invention is character- 
ized in that it has the solid electrolyte switching device 
described above and a MOS transistor, and said first or 
second interconnection layer of said solid electrolyte 

55 switching device is connected to the drain or source of 
said MOS transistor. 

A memory cell which uses a solid electrolyte 
switching device of the present invention is also char- 
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acterized in that it has the solid electrolyte switching de- 
vice described above and a MOS transistor, and the first 
interconnection layer of said solid electrolyte switching 
device is connected to the drain of said MOS transistor, 
and the second interconnection layer of said solid elec- 
trolyte switching device is connected to a ground line, 
and the source of said MOS transistor is made an ad- 
dress line, and the gate of said MOS transistor is made 
a word line. 

[0024] According to the construction described 
above, the desired memory cell can be selected by 
choosing word and address lines, and the on or off state 
can be written into the solid electrolyte switching device 
by turning on MOS transistor and applying a voltage 
higher than threshold value to the address and the 
ground lines. The data of memory can be read out from 
the solid electrolyte switching device by selecting the 
desired memory cell by choosing word and address 
lines, and sensing the resistance between the address 
and the ground lines by turning on MOS transistor. 
Therefore, according to the present invention, the non- 
volatile memory is provided in which high speed readout 
and high speed programming are possible. 
[0025] A method of manufacturing the first construc- 
tion of solid electrolyte switching device of the present 
invention comprises: a process to form a first intercon- 
nection layer on a substrate; a process to form an ion 
supplying layer on said first interconnection layer; a 
process to coat an interlevel insulating layer having a 
via hole on said ion supplying layer; a process to form 
a solid electrolyte layer through said via hole; a process 
to form a counter electrode layer contacted to said solid 
electrolyte layer through said via hole; and a process to 
form a second interconnection layer coating said coun- 
ter electrode layer. 

[0026] A method of manufacturing the second con- 
struction of solid electrolyte switching device of the 
present invention comprises: a process to form a first 
interconnection layer on a substrate; a process to form 
a counter electrode layer on said first interconnection 
layer; a process to coat an interlevel insulating layer 
having a via hole on said counter electrode layer; a proc- 
ess to form a solid electrolyte layer through said via hole; 
a process to form an ion supplying layer contacted to 
said solid electrolyte layer through said via hole; and a 
process to form a second interconnection layer coating 
said ion supplying layer. 

[0027] I n the construction described above, in case of 
forming of said solid electrolyte layer through via hole is 
characterized in that the process to form a solid electro- 
lyte layerthrough said via hole is the process to sulf idize 
by anodic polarization said metal thin film as an anode 
in the aqueous solution of sodium sulfide with said in- 
terlevel insulating layer having said via hole as a mask. 

The control of film thickness of said solid electro- 
lyte layer is preferably that during said sulfidation for 
controlling the film thickness of said solid electrolyte lay- 
er, said solid electrolyte layer and said ion supplying lay- 



er are formed simultaneously by measuring and control- 
ling the conductivity of said metal thin film. 
[0028] The on voltage for said solid electrolyte switch- 
ing device to transit from off state to on state is prefer- 

5 ably applied by controlling the magnitude of voltage ap- 
plied between said solid electrolyte layer and said coun- 
ter electrode layer during manufacture, and by forming 
the desired threshold value of voltage. 

The off voltage for said solid electrolyte switching 

10 device to transit from on state to off state is preferably 
applied by controlling the magnitude of voltage applied 
between said solid electrolyte layer and said counter 
electrode layer during manufacture, and by forming the 
desired threshold value of voltage. 

15 According to the construction described above, a 

solid electrolyte switching device, and FPGA and the 
memory cells utilizing said solid electrolyte switching de- 
vice can be manufactured at low cost and with high con- 
trollability. 

20 

Brief Description of the Drawings 

[0029] The present invention will better be understood 
from the following detailed description and the drawings 
25 attached hereto showing certain illustrative forms of em- 
bodiment of the present invention; in this connection, it 
should be noted that such forms of embodiment illus- 
trated in the accompanying drawings hereof are intend- 
ed in no way to limit the present invention but to facilitate 
30 an explanation and an understanding thereof, in which 
drawings: 

Fig. 1 is a partial cross-sectional view showing the 
structure of a solid electrolyte switching device of 
35 the first embodiment of the present invention; 

Fig. 2 is a partial cross-sectional view showing the 
structure of a solid electrolyte switching device of 
the second embodiment of the present invention; 
Fig. 3 is a partial cross-sectional view showing the 
40 structure of a solid electrolyte switching device of 
the third embodiment of the present invention; 
Fig. 4 is a partial cross-sectional view showing the 
structure of a solid electrolyte switching device of 
the fourth embodiment of the present invention; 
45 Fig. 5 is a graph showing the current-voltage char- 
acteristics of a solid electrolyte switching device of 
the first embodiment of the present invention; 
Fig. 6 is a graph showing another current-voltage 
characteristics of a solid electrolyte switching de- 
50 vice of the first embodiment of the present inven- 
tion; 

Fig. 7 shows the switching waveform from pulse 
voltage applied to a solid electrolyte switching de- 
vice of the first embodiment of the present invention 
55 which has the current-voltage characteristics of Fig. 
5, (a) shows the input pulse voltage waveform ap- 
plied on a solid electrolyte switching device, and (b) 
shows the pulse current waveform of a solid elec- 
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trolyte switching device; 

Fig. 8 is a cross-sectional view to illustrate the mod- 
el of metal filament formation with regard to a solid 
electrolyte switching device; 
Fig. 9 is the structure of the solid electrolyte switch- 
ing device which was test-manufactured to study 
the current path of a solid electrolyte switching de- 
vice of the first embodiment of the present inven- 
tion, (a) is a plane view, and (b) is a cross -sectional 
view along line X-X of (a); 

Fig. 1 0 shows the current-voltage characteristics of 
a solid electrolyte switching device of Fig. 9, (a) is 
the output current flowing into the first interconnec- 
tion layer as to the input voltage applied to the coun- 
ter electrode layer with the first interconnection lay- 
er and the second couter electrode layer grounded, 
and (b) is the output current flowing into the second 
counter electrode layer as to the input voltage ap- 
plied to the counter electrode layer with the first in- 
terconnection layer and second counter electrode 
layer grounded; 

Fig. 1 1 shows an example of the electric circuit con- 
trolling the on or the off resistance of the solid elec- 
trolyte switching device of the present invention; 
Fig. 1 2 is the flowchart showing the feedback con- 
trol method to control the output voltage of a solid 
electrolyte switching device of the present invention 
to a predetermined value; 

Fig. 13 shows a feedback control waveform of the 
input voltage and the corresponding output voltage 
waveform of the solid electrolyte switching device 
having the current-voltage characteristics of Fig. 5, 
(a) shows the input voltage waveform applied on the 
solid electrolyte switching device, and (b) shows the 
output voltage waveform of the solid electrolyte 
switching device; 

Fig. 14 is a block diagram of FPGA using a solid 
electrolyte switching device of the fifth embodiment; 
Fig. 15 is a circuit diagram of a memory cell using 
a solid electrolyte switching device of the sixth em- 
bodiment and a MOS transistor; 
Fig. 16 is a cross-sectional view showing, in order, 
the manufacturing process of a solid electrolyte 
switching device of the seventh embodiment; 
Fig. 17 is a cross-sectional view showing in order 
the manufacturing process of a solid electrolyte 
switching device of the eighth embodiment; 
Fig. 1 8 is the outline of structure of an electronic cell 
as the third prior art; 

Fig. 1 9 is a cross-sectional view of structure of an 
electronic cell as the fourth prior art; and 
Fig. 20 is a cross-sectional view of structure of an 
electronic cell as the fifth prior art. 

Best Modes for Carrying out the Invention 

[0030] Hereinafter, a detailed explanation is given in 
respect of embodiment of the present invention, refer- 



ences being made to Figures. 

The first embodiment of a solid electrolyte switch- 
ing device of the present invention is shown first. 

Fig. 1 is a cross-sectional view showing the struc- 
5 ture of a solid electrolyte switching device of a first em- 
bodiment of the present invention. As shown in Fig. 1 . 
the solid electrolyte switching device 10 of the present 
invention comprises, for example, afirst interconnection 
layer 13 set on a silicon substrate 1 1 on which the sur- 
10 face is coated with an insulation layer, an ion supplying 
layer 17 set on said first interconnection layer 13, a solid 
electrolyte layer 16 set on said ion supplying layer 17, 
and a counter electrode layer 15 set on the solid elec- 
trolyte layer 16 so as to contact said solid electrolyte 
15 layer 1 6 through a via hole of an interlevel insulating lay- 
er 12. A second interconnection layer 14 is formed on 
said counter electrode 15 to cover said counter elec- 
trode, and a space between said second interconnec- 
tion layer and said substrate 11 is filled with said inter- 
ne level insulating layer 12. Furthermore, said first intercon- 
nection layer 1 3 becomes the lead electrode of said ion 
supplying layer 1 7, and said second interconnection lay- 
er 14 becomes the lead electrode of said counter elec- 
trode 15. 

25 [0031] The material for the solid electrolyte layer 16 
can be either ion conductive or the mixed conductive 
material that can conduct both ion and electrons. For 
mixed conductive material, for example, a metal sulfide 
such as copper sulfide is preferred. The ion supplying 

30 layer 17 is formed with the material consisting of the 
metal which is contained in the solid electrolyte layer 16, 
and the metal ion is supplied from the ion supplying layer 
17 to the solid electrolyte layer 16, or the other way 
around. In case that copper sulfide is used, for example, 

35 as the material of the solid electrolyte layer 16, its film 
thickness of solid electrolyte layer 1 6 may approximate- 
ly 2nm to 200nm, and the ion supplying layer 17 is 
formed with copper and its film thickness may be ap- 
proximately 20nm to 500nm. The film thickness of the 

40 first interconnection layer 13 may be approximately 
20nm to 300nm. 

[0032] The combination of the solid electrolyte layer 
1 6 and the ion supplying layer 1 7 may be, besides cop- 
per sulfide, which is the metal sulfide mentioned above, 

45 and copper, chromium sulfide and chromium, silver 
sulfide and silver, titanium sulfide and titanium, tungsten 
sulfide and tungsten, nickel sulfide and nickel, and tan- 
talum sulfide and tantalum. 

In case that the solid electrolyte layer 16 is made 

50 of the ion conductive material either one of molybde- 
num sulfide, zinc sulfide, germanium-antimony-telluri- 
um-compound, or arsenic-tellurium-germanium-silicon 
compound may be used besides the metal sulfides men- 
tioned above, and ion supplying layer 1 7 may be of silver 

55 or copper. 

[0033] The counter electrode layer 15 may be made 
of a material which would not cause chemical reaction 
with the mixed conductive material, and titanium may 
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be used as this material. Platinum, aluminum, copper, 
tungsten, vanadium, niobium, tantalum, chromium, mo- 
lybdenum, and the nitrides or silicides of these metals 
may be used besides titanium. Copper may be used for 
the first and second interconnection layer 13, and 14. 
Besides copper, such conventional interconnection ma- 
terials typically used in integrated circuits as, for exam- 
ple, aluminum and gold may be used. When a voltage 
is applied to the first interconnection layer 13 and the 
second interconnection layer 14, the resistances of the 
first interconnection layer 13, the second interconnec- 
tion layer 1 4, the ion supplying layer 1 7 and the counter 
electrode layer 1 5 are negligible because they are made 
of metals, and the most of the applied voltage is applied 
to the solid electrolyte layer 1 6. 

[0034] Next, the structure of a solid electrolyte switch- 
ing device of the second embodiment of the present in- 
vention is explained. 

Fig. 2 shows the structure of a solid electrolyte 
switching device of the second embodiment of the 
present invention. A solid electrolyte switching device 
10' shown here has such structure in which the first in- 
terconnection layer 13 of the solid electrolyte switching 
device 1 0 shown in Fig. 1 is formed with the same metal 
as that for the ion supplying layer 1 7. In this case, since 
the first interconnection layer 13 itself can be the ion 
supplying source to the solid electrolyte layer 16, the ion 
supplying layer 1 7 can be omitted and the solid electro- 
lyte layer 1 6 can be set on the first interconnection layer 
13. Other parts of structure are the same as in Fig. 1 , 
and the explanation is not detailed. Here the solid elec- 
trolyte layer 16 may be of copper sulfide, and the first 
interconnection layer 13 of copper. The solid electrolyte 
layer 1 6 may also be of a metal sulfide, and the first in- 
terconnection layer 1 3 may contain the same metal that 
is contained in the said metal sulfide. 
[0035] Next, the structure of a solid electrolyte switch- 
ing device of the third embodiment of the present inven- 
tion is explained. 

Fig. 3 shows the structure of a solid electrolyte 
switching device of the third embodiment of the present 
invention. As shown in Fig. 3, a solid electrolyte switch- 
ing device 20 is formed by depositing the counter elec- 
trode layer 15 on the first interconnection layer 13, the 
solid electrolyte layer 1 6 on the said counter electrode 
layer 15, the ion supplying layer 17 on said solid elec- 
trolyte layer 16, and the second interconnection layer 
14 on said ion supplying layer 17. This structure is de- 
posited in the reverse order than detailed in the solid 
electrolyte switching device 10 of the first embodiment 
of the present invention where the order of deposition is 
the ion supplying layer 1 7, the solid electrolyte layer 1 6, 
and the counter electrode layer 15. 
[0036] The solid electrolyte switching device 20 com- 
prises, for example, the first interconnection layer 13 set 
on the silicon substrate 11 in which surface is coated 
with an insulating layer, the counter electrode layer 15 
set on the first interconnection layer 13, the solid elec- 



trolyte layer 16 set on the counter electrode layer 15 
through a via hole of the interlevel insulating layer 12, 
and the ion supplying layer 1 7 set on the solid electrolyte 
layer 16 so as to contact the solid electrolyte layer 16. 
5 The second interconnection layer 14 is set on the ion 
supplying layer 17 to cover the ion supplying layer 17, 
and a space between the second interconnection layer 
and the substrate 1 1 is filled with the interlevel insulating 
layer 1 2. The first interconnection layer 1 3 becomes the 
lead electrode of the counter electrode layer 15, and the 
second interconnection layer 1 4 becomes the lead elec- 
trode of the ion supplying layer 1 7. 
[0037] The material used for solid electrolyte layer 1 6 , 
may be either ion conductive material or the mixed con- 
ductive material that can conduct both ion and electron. 
For the mixed conductive material , for example, a metal 
sulfidesuch as copper sulfide may be used. The ion sup- 
plying layer 1 7 is formed with the material consisting of 
the metal which is contained in solid electrolyte layer 16, 
and the metal ion is supplied from the ion supplying layer 
17 to the solid electrolyte layer 16, or the other way 
around. In case that copper sulfide is used, for example, 
as the material of the solid electrolyte layer 1 6, the film 
thickness of solid electrolyte layer 16 may be approxi- 
mately 2nm to 200nm, and the ion supplying layer 1 7 is 
formed with copper and its film thickness may be ap- 
proximately 20nm to 500nm. The film thickness of the 
second interconnection layer 14 may be approximately 
20nm to 300nm. 

[0038] The combination of the solid electrolyte layer 
1 6 and the ion supplying layer 1 7 may be, besides cop- 
per sulfide which is the metal sulfide mentioned above 
and copper, chromium sulfide and chromium, silver 
sulfide and silver, titanium sulfide and titanium, tungsten 
sulfide and tungsten, nickel sulfide and nickel, and tan- 
talum sulfide and tantalum. 

In case that the solid electrolyte layer 16 is made 
of the ion conductive material, either one of molybde- 
num sulfide, zinc sulfide, germanium-antimony-telluri- 
um compound, or arsenic-tellurium-germanium-silicon 
compound may be used besides metal sulfides men- 
tioned above, and the ion supplying layer 17 may be of 
silver or copper. 

[0039] The counter electrode layer 15 may be made 
of a material which would not cause chemical reaction 
with a mixed conductive material. Titanium may be used 
as the material for counter electrode layer 15. Platinum, 
aluminum, copper, tungsten, vanadium, niobium, tanta- 
lum, chromium, molybdenum, and the nitrides or sili- 
cides of these metals may be used besides titanium. 
Copper may be used for the first interconnection layer 
13 and the second interconnection layer 14. Besides 
copper, such conventional interconnection materials for 
integrated circuits as, for example, aluminum and gold 
may be used. When a voltage is applied to the first in- 
terconnection layer 13 and the second interconnection 
layer 14, the resistances of the first and the second in- 
terconnection layer 13, 14, the ion supplying layer 17 
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and the counter electrode layer 15 are negligibly small 
because they are made of metals, and the most of the 
applied voltage is applied to the solid electrolyte layer 
16. 

[0040] Next, the structure of a solid electrolyte switch- 
ing device of the fourth embodiment of the present in- 
vention is explained. 

Fig. 4 shows the structure of a solid electrolyte 
switching device of the fourth embodiment of the 
present invention. The solid electrolyte switching device 
20' shown here has such a structure in which the second 
interconnection layer 14 of the solid electrolyte switch- 
ing device 20 shown in Fig. 3 is formed with the same 
metal as that for the ion supplying layer 17. In this case, 
since the second interconnection layer 14 itself can be 
the ion supplying source to the solid electrolyte layer 1 6, 
the ion supplying layer 17 can be omitted and the sec- 
ond interconnection layer 14 can be set on the solid 
electrolyte layer 16. Other parts of structure are the 
same as in Fig. 3 ; and the explanation is not detailed. 
Here the solid electrolyte layer 16 may be of copper 
sulfide, and the second interconnection layer 1 4 of cop- 
per. The solid electrolyte layer 1 6 may also be of a metal 
sulfide, and the second interconnection layer 14 may 
contain the same metal that is contained in the said met- 
al sulfide. 

[0041] Next, the function of a solid electrolyte switch- 
ing device of the first embodiment of the structure men- 
tioned above is explained. 

Fig. 5 shows the current-voltage characteristics of 
the solid electrolyte switching device 1 0 of the first em- 
bodiment of the present invention. The material, shape, 
and thickness of each layer of the samples used for 
measurement are shown below. Substrate 11 is the 
500p,m thick Si substrate with 200nm thick Si dioxide 
film formed on it, and the 50nm thick gold is used as the 
first interconnection layer 13. The 60nm thick copper is 
used as the ion supplying layer 1 7. The 20nm thick cop- 
per sulfide as the solid electrolyte layer 16, the 10nm 
thick titanium as the counter electrode layer 15, and the 
50nmthickplatinum asthesecond interconnection layer 
14 are used. A via hole of 0.03 to 0.3u.m is formed in the 
interlevel insulating layer 12, and the contact area be- 
tween the solid electrolyte layer 1 6 and the counter elec- 
trode layer 15 is confined. As the interlevel insulating 
layer, a polymer called "chloromethylated calix arene" 
is used. 

[0042] In Fig. 5, the horizontal axis shows the voltage 
applied between the second interconnection layer 14 
and the first interconnection layer 13 with the second 
interconnection layer 1 4 as positive, and the vertical axis 
shows the current flowing in the solid electrolyte layer 
16. As is seen in Fig. 5, the current-voltage character- 
istic of the solid electrolyte switching device of the 
present invention has a hysteresis property. These cur- 
rent-voltage characteristics had not previously been 
seen, and was discovered first by the present inventors. 



(1) Right after the solid electrolyte switching device 
10 is manufactured ! the conductivity is as low as 
7nS (lower than the measurement limit) in the off 
state. The off state is maintained with the applied 

5 voltage in the range of -0.28V to 0.3V (Fig. 5, • and 
.). 

(2) When the applied voltage is lower than -0.28V. 
current starts flowing suddenly and the state tran- 
sits to a high conductive state, that is, an on state 

10 (Fig. 5, • ). While the applied voltage increases from 
about -0.15V to about 0.07V, the current increases 
proportionally to the applied voltage, and shows the 
high conductive state, that is, the on state. The on 
resistance is extremely low, approximately 50£2 in 

15 this instance. With the applied voltage changing in 
the range from -0.15V to about 0.07V, the on state 
is maintained (Fig. 5,@ ). 

(3) When the applied voltage is higher than about 
0.07V, currentsuddenly stops flowing, and the state 

20 returns to low conductive off state (Fig. 5,® ). Once 
the state turns off, it is maintained regardless 
whether the voltage is applied or not (Fig. 5, (5) ). 

[0043] As is seen here, the solid electrolyte switching 

25 device 10 of the present invention has the hysteresis 
characteristics as shown in the (1), (2), and (3) men- 
tioned above. The electrical property shown in Fig. 5 is 
that of the electron device with a via hole of diameter 
0.03jim. Similar hysteresis characteristics can be seen 

30 for all electron devices up to 0.3j-i m. The off/on resist- 
ance ratio of solid electrolyte switching device 1 0 is high- 
er than 10 6 . The conductivity of the on state shows a 
tendency to increase as the device temperature de- 
creases, and increases by about 10% at 77K. 

35 [0044] Next, another current-voltage characteristics 
of a solid electrolyte switching device of the first embod- 
iment of the structure mentioned above is explained. 

Fig. 6 shows another current-voltage characteris- 
tics of a solid electrolyte switching device of the first em- 

40 bodiment of the present invention. The material, shape, 
and thickness of each layer of the samples used for 
measurement are shown below. The substrate 1 1 is the 
500um thick Si substrate with 200nm thick Si0 2 film 
formed on it, and the 60nm thick copper as the first in- 

45 terconnection layer 13, the 60nm thick copper sulfide 
with circular area of 0.5jj,m<D as the solid electrolyte layer 
1 6, the 1 0nm thicktitanium as the counter electrode lay- 
er 15, and the 50nm thick platinum as the second inter- 
connection layer 14 are used. 

50 [0045] In Fig. 6, the horizontal axis shows the voltage 
applied between the second interconnection layer 14 
and the first interconnection layer 13 with the second 
interconnection layer 14 as positive, and the vertical axis 
shows the current flowing in the solid electrolyte layer 

55 16. As is seen in Fig. 6, the current-voltage character- 
istic of the solid electrolyte switching device of the 
present invention has a hysteretic property. This cur- 
rent-voltage characteristics had so far not been known 
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as in the case of Fig. 5, and was discovered first by the 
present inventors. 

(4) While the applied voltage increases from about 
-0.5V to about 0.5V, current increases proportional- 
ly to the applied voltage, and shows the high con- 
ductive state, that is, an on state. The on resistance 
is extremely low, as low as about 800Q in this in- 
stance. The on state is maintained regardless 
whether the voltage is applied or not. That is, how- 
ever frequently the voltage is switched on or off in 
the range of -0.5V to about 0.5V, the resistance of 
about 800£2 is maintained (Fig. 6, @ ). 

(5) When the applied voltage exceeds about 0.5V, 
the current stops flowing and the state transits to 
the low conductive off state (Fig. 6, ■ ). Once the 
state becomes off, it is maintained regardless 
whether the voltage is applied or not. That is, how- 
ever frequently the voltage is switched on or off in 
the range of -0.5V to about 0.5V, the low conductive 
off state is maintained (Fig. 6,® ). 

(6) When a voltage of more than approximately 
0.5V is applied in the negative direction, the current 
suddenly starts flowing and the state returns to that 
of the high conduction with the resistance of about 
800£2 at about -1 V, that is, the on state (Fig. 6, © ). 

[0046] The solid electrolyte switching device 1 0 of the 
present invention has the hysteresis characteristics as 
shown in the (4), (5), and (6) mentioned above. The on 
resistance can take any desired value by so designing 
the thickness, the area, and else of each layer. 
[0047] The current-voltage characteristics which is 
explained in Fig. 6 above can be considered as follows. 

When the voltage higher than approximately 0.5V 
is applied to the second interconnection layer 14, metal 
ions in the solid electrolyte layer 16 moves to the ion 
supplying layer 1 7 side, and the layer deficient of metal 
ions is formed in the neighborhood of the interface be- 
tween the counter electrode layer 1 5 and the solid elec- 
trolyte layer 16. Since this ion deficient layer has low 
electric conductivity, then the electric conductivity of the 
solid electrolyte switching device 10 is low (off state). 
On the other hand, when the applied voltage is lower 
than about -0.5V, copper ions are supplied from the ion 
supplying layer 17, and the copper ions move back to 
the original site so the conductivity recovers (on state). 
Since the conduction by electrons also contributes to the 
electric conductivity of solid electrolyte layer 16 in the 
on state, so it is considered that the on resistance of 
solid electrolyte switching device 10 of the present in- 
vention becomes extremely low. 

[0048] As has been described, the off and the on 
states can be re- written by the so I id electrolyte switching 
device 10, and the on or off state can be maintained 
when the power source is switched off. Further, the re- 
sistance of the on state can be made lower than that of 
MOS type memory. 



As forthe function of the solid electrolyte switching 
device 1 0 of the first embodiment of the present inven- 
tion, two examples shown in Fig. 5 and 6 are explained 
above, and also the similar current-voltage characteris- 
5 tics can be obtained by the solid electrolyte switching 
device (1 0', 20, and 20') of the second to the fourth em- 
bodiments of the present invention. 
[0049] Fig. 7 shows the pulsed voltage driven switch- 
ing waveform of a solid electrolyte switching device 10 
10 of the first embodiment of the present invention which 
has the current-voltage characteristics of Fig. 5. Fig. 7 
(a) shows the input pulse voltage waveform applied on 
the solid electrolyte switching device 10, and Fig. 7(b) 
shows the pulse current waveform of the solid electro- 
's |yte switching device 10. The vertical axis of the figure 
shows the amplitude of each pulse waveform, and the 
horizontal axis is time (ms). 

[0050] As is shown on the left side of Fig. 7(a), the 
solid electrolyte switching device 10 is in the off state 

20 that a current does not flow where the negative voltage 
pulse of about -0.1V with 1 ms pulse width is applied. 

When the negative voltage pulse of about -0.4V 
with 1 ms pulse width is applied as the first pulse to the 
solid electrolyte switching device 10 from this off state 

25 (Fig. 7(a), A), the solid electrolyte switching device 10 
transits from the off to the on state (Fig. 7(b), A'). This 
on state can be seen from the fact that the current pulse 
(Fig. 7(b), B') can be obtained by applying, for example, 
a negative voltage pulse of approximately -0.1V with 

30 1 ms pulse width (Refer to Fig. 7(a), B). 

[0051] Next, when the positive voltage pulse of about 
0.4V with 1 ms pulse width is applied, as the second volt- 
age pulse (Fig. 7(a), C), the solid electrolyte switching 
device 1 0 transits from the on to the off state (Fig. 7(b), 

35 c 1 ) . This off state can be seen from the fact that current 
pulse (Fig. 7(a), D 1 ) can be obtained by applying, for ex- 
ample, the negative voltage pulse of approximately 
-0.1V with 1ms pulse width (Fig. 7(b), D). The fact that 
the value set at the pulse voltage source differs from the 

40 pulse input voltage applied to the device shown in the 
figure is because the voltage drop occurs in a measure- 
ment apparatus when the current flows in it. 

The switching time required for the transit from on 
state to off state, or vise versa, of the solid electrolyte 

45 switching device 10 mentioned above is about IOOlis, 
and it tends to be shorter as the applied pulse voltage 
is increased. 

[0052] As the generation mechanism of current-volt- 
age characteristics explained in Fig. 5 mentioned 

50 above, two models are thought as possible. 

As the first generation mechanism model of cur- 
rent-voltage characteristics, it is thought possible that 
when the voltage lower than the negative threshold val- 
ue (-0.28V) is applied to the solid electrolyte switching 

55 device in the off state as the first voltage pulse men- 
tioned above, copper ions are supplied as metal ions 
from the ion supplying layer 17 to the solid electrolyte 
layer 16, and the conductivity becomes higher (on 
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state). Since the conduction by electrons also contrib- 
utes to the electric conductivity of the solid electrolyte 
layer 1 6 in the on state, it is assumed that the on resist- 
ance of the solid electrolyte switching device 1 0 of the 
present invention becomes extremely low. This model 
is similar to the mechanism of the current-voltage char- 
acteristics explained in Fig. 6 above except that the 
threshold voltage differs. 

[0053] Next, when a voltage higher than the positive 
threshold value (0.07V) is applied as the second voltage 
pulse mentioned above, metal ions in the solid electro- 
lyte layer 16 move to the ion supplying layer 17 side, 
and the layer, deficient of metal ions, is formed in the 
neighborhood of the interface between the counter elec- 
trode layer 15 and the solid electrolyte layer 16. Since 
this ion deficient layer has a low electric conductivity, the 
electric conductivity of solid electrolyte switching device 
10 becomes low, and the state transits to off again. 
[0054] As the second generation mechanism model 
of current-voltage characteristics, it is thought possible 
that metal filaments are formed as the current path in 
the solid electrolyte layer 16. 

Fig. 8 is a cross-sectional view to illustrate the 
model of a metal filament 18 formation with regard to a 
solid electrolyte switching device, and is the enlarged 
view of the central part of active layers consisting of the 
first interconnection layer 1 3, the ion supplying layer 1 7, 
the solid electrolyte layer 1 6, and the counter electrode 
layer 15 of the solid electrolyte switching device 10 of 
the present invention shown in Fig. 1 . 
[0055] Right after solid electrolyte switching device 10 
is manufactured, that is, at the initial state before the 
voltage application, the metal filament 18 are not yet 
formed and the conductivity is low. When the negative 
threshold value (-0.28V) is applied as the first voltage 
pulse described above, the copper ions from copper 
sulfide of solid the electrolyte layer 1 6, moves between 
the first interconnection layer 13 and the counter elec- 
trode layer 15, and the metal filament, 18, of copper is 
formed and then the conductivity becomes higher. On 
the other hand, when a voltage higher than the positive 
threshold value (0.07V) is applied such as the voltage 
pulse mentioned above, the metal filament 18 disap- 
pears and the state turns to off. 

Thus, the model of formation and disappearance 
of the metal filament 1 8 in the solid electrolyte layer 1 6 
by change of the applied voltage polarity, as the second 
model for the current-voltage characteristics, can ex- 
plain the linear current-voltage characteristics and the 
negative temperature coefficient of the conductivity as 
shown in Fig. 5. 

[0056] As for the second mechanism of metal filament 
generation 18 mentioned above, the explanation is 
made with reference to Figs. 9 and 10, if this metal fila- 
ment 18 is formed, as to where it is formed in the solid 
electrolyte switching device 10. 

Fig. 9 shows the structure of a solid electrolyte 
switching device 21 which was fabricated to study a cur- 



rent path in the solid electrolyte switching device 10 of 
the present invention as shown in Fig. 1. Fig. 9(a) is a 
plane view, and Fig. 9(b) is across-sectional view along 
line X-X. Also in Fig. 9(b) a circuit to study the current 

5 path is illustrated. 

[0057] As illustrated, the structure of the solid electro- 
lyte switching device 21 which was fabricated to study 
the current path of solid electrolyte switching device 10 
is installed with a new second counter electrode, 19, 

10 around the solid electrolyte layer, 1 6, insulated from the 
counter electrode layer 15. Further, a DC voltage source 
23 is connected between the counter electrode layer 1 5 
and a ground 24. And an ampere meter 25 is connected 
between the first interconnection layer 13 and the 

15 ground 24, and an ampere meter 26 is connected be- 
tween the second counter electrode layer 19 and the 
ground 24, respectively. Here assume that the currents 
flowing in the ampere meters 25 and 26 are the output 
currents 25' and 26', respectively. Since the internal re- 

20 sistances of ampere meters 25 and 26 are sufficiently 
small, the first interconnection layer 1 3 and the second 
counter electrode layer 19 are grounded equivalently. 
[0058] First, the case that a current path 22 such as 
dendrite, that is, needle crystals are formed around the 

25 solid electrolyte layer 16 is discussed. 

In this case it is assumed that the current flows 
between the counter electrode layer 15 of the solid elec- 
trolyte switching device 21 and the second counter elec- 
trode layer 1 9, and it does notflowfrom the counter elec- 

30 trode layer 1 5 to the first interconnection layer 1 3. 

The model of the metal filament formation men- 
tioned above is also discussed. It is assumed that since 
the current flows by copper ions inside the solid electro- 
lyte layer 16, the current path 22 is not formed around 

35 the solid electrolyte layer 16, but the current flows in the 
first interconnection layer 13 and the counter electrode 
layer 1 5 of the solid electrolyte switching device 21 , and 
a current does not flow to the second counter electrode 
layer 19. 

40 [0059] Fig. 1 0 shows the current-voltage characteris- 
tics of solid electrolyte switching device 21 that was fab- 
ricated to study the current path in solid electrolyte 
switching device 10 of the present invention as shown 
in Fig. 9. Fig. 1 0(a) is the output current 25' flowing out 

45 of the first interconnection layer 13 with respect to the 
input voltage applied to the counter electrode layer 15 
when the first interconnection layer 13 and the second 
counter electrode layer 1 9 are grounded. And Fig. 1 0(b) 
is the output current 26' flowing out of the second coun- 

50 ter electrode layer 19 with respect to the input voltage 
applied to the counter electrode layer 15 when the first 
interconnection layer 13 and the second counter elec- 
trode layer 1 9 are grounded. As shown in Fig. 1 0(a), the 
current flowing in the solid electrolyte layer 16 with re- 

55 spect to the voltage between the first interconnection 
layer 13 and the counter electrode layer 15 shows the 
current-voltage characteristics similar to that of the solid 
electrolyte switching device 1 0 of the present invention 



11 



19 



EP 1 501 124 A1 



20 



shown in Fig. 5 (Refer to Fig. 5 and Fig. 10(b)). On the 
other hand, as shown in Fig. 10(b), a current does not 
flow in the second counter electrode layer 19 located 
around the counter electrode layer 1 5 (Fig. 1 0(b)). 

It is clear from these observations that the current 
path 22 by the dendrite is not formed around the solid 
electrolyte layer 16 as shown in Fig. 9 but the switching 
function is performed by the action inside the solid elec- 
trolyte layer 16 in the solid electrolyte switching device 
10 of the present invention. 

[0060] Further, as for the solid electrolyte switching 
device 10, the copper sulfide thin film used in the solid 
electrolyte layer 1 6 is a sort of chalcogenide semi-con- 
ductor, but since the transition between the on and the 
off states depends on the voltage polarity, it is not con- 
sidered that it is the the current-voltage characteristics 
caused by the phase change of chalcogenide semicon- 
ductor (see U.S. Patent Application Publication No. 
US2002/0081804-A1). 

It is thus considered from the discussion above 
that the region where current-voltage characteristics of 
the solid electrolyte switching device 10 of the present 
invention occurs is not caused by dendrite formed 
around the solid electrolyte layer, but caused by the first 
and second phenomena inside the solid electrolyte layer 
16 mentioned above. 

[0061] Next, a control method of the on or off resist- 
ance of the solid electrolyte switching device of the 
present invention is explained. 

Fig. 11 shows an example of the electric circuit 
controlling the on or the off resistance with regard to a 
solid electrolyte switching device of the present inven- 
tion. One end of a solid electrolyte switching device 32 
of the present invention is grounded, and the other end 
is connected to an input voltage source 28 via a load 
resistance 27. An output voltage 29 of the solid electro- 
lyte switching device is a voltage between the connec- 
tion point of the solid electrolyte switching device and 
the load resistance 27 and the ground. Here the solid 
electrolyte switching device 32 is that described in either 
one of Embodiments 1 to 4. 

[0062] Fig. 1 2 is a flowchart showing a feedback con- 
trol method to control an output voltage of a solid elec- 
trolyte switching device of the present invention to a pre- 
determined value; 

First at Step ST1 , an input voltage starts to apply 
to a solid electrolyte switching device, and at Step ST2 
the readout of output voltage of the solid electrolyte 
switching device is conducted, and at Step ST3 the judg- 
ment of whether the voltage of solid electrolyte switching 
device has reached to the predetermined value is con- 
ducted. If it is judged that the output voltage of the solid 
electrolyte switching device has not reached to the pre- 
determined value, the procedure is returned to Step 
ST1 , and a more voltage is applied to the solid electro- 
lyte switching device. On the other hand, if it is judged 
at Step ST3 that the voltage of solid electrolyte switching 
device has reached to the predetermined value, the volt- 



age application to the solid electrolyte switching device 
is ended at Step ST4. 

The input voltage to the solid electrolyte switching 
device 1 0 is thus feedback controlled and applied so as 

5 to obtain the predetermined value. 

[0063] Fig. 1 3 shows a feedback control waveform of 
the input voltage and the corresponding output voltage 
waveform with regard to a solid electrolyte switching de- 
vice of the first embodiment of the present invention hav- 

10 ing the current- voltage characteristics of Fig. 5. Fig. 13 
(a) shows the input voltage waveform applied to the sol- 
id electrolyte switching device 10, and Fig. 13(b) shows 
the output voltage waveform of the solid electrolyte 
switching device 1 0. The horizontal axis of Fig. 1 3 is time 

is (sec). 

As shown in Fig. 13(a), the sequence of voltage 
inputs comprising the positive voltage E1 of 50mV, the 
voltage F, to turn from off to on, (to be called turn-on 
voltage Ffrom here on), the positive voltage E2 of50mV ; 

20 andthevoltageGtoturn from onto off (to be called turn- 
off voltage G from here on) are applied repeatedly to the 
solid electrolyte switching device 1 0. 

Here the turn-on voltage F and the turn-off voltage 
G are applied, respectively, by feedback controlling the 

25 output voltage. The switching measurement circuit of 
the solid electrolyte switching device 1 0 is composed of 
an electric circuit set on a board, and is feedback con- 
trolled using a personal computer. 

As is shown on the left side end of Fig. 1 3(a), since 

30 the solid electrolyte switching device 1 0 is in the off state 
when input voltage E1 is applied to the solid electrolyte 
switching device 1 0, the output voltage is 50mV, approx- 
imately equal to the input voltage (Fig. 13(b), H). 
[0064] Next, when the feedback controlled turn-on 

35 voltage F is applied, the solid electrolyte switching de- 
vice 1 0 turns to the on state, and the output voltage be- 
comes approximately 0V (Fig. 13(b), I). It can be judged 
that the solid electrolyte switching device 10 maintains 
the on state by the fact that the output voltage maintains 

40 0V while the positive voltage E2 of 50mV amplitude is 
applied after the turn-on voltage F. 

Next, the solid electrolyte switching device 10 
turns to the off state upon application of the feedback 
controlled turn-off voltage G (Fig. 13(b)). It can be 

45 judged that the solid electrolyte switching device 10 
maintains the off state by the fact that output voltage is 
maintained at 50mV while the positive voltage E1 of 
50mV amplitude is input after the turn-off voltage G. In 
this case most of the input voltage E1 is applied to the 

50 solid electrolyte switching device. 

[0065] Turn-on and turn-off are alternately repeated 
about seven times in Fig. 1 3, and it can be seen that the 
solid electrolyte switching device 10 operates normally 
forturn-on andturn-off. Although notshown inthefigure, 

55 the device failure by long time repetition of turn-on and 
turn-off, that is, the error occurrence frequency was 
studied, but the error was totally prevented by the feed- 
back control. 



12 



21 



EP 1 501 124 A1 



22 



Here, one feedback control, that is, the time re- 
quired for sequence was about 1 00ms. If the feedback 
circuit is made of an exclusive electric circuit or the solid 
electrolyte switching device and the feedback circuit are 
integrated together, then the time for one sequence can 
be shortened below 100ns. Accordingly, the solid elec- 
trolyte switching device of the present invention can be 
conducted accurately the transition between on and off 
states and the control of the on resistance by applying 
the feedback controlled input voltage. 
[0066] Thus, using a solid electrolyte switching device 
10 of the present invention, re-writing of the on and off 
states is possible, and the on or off state can be main- 
tained if the power source is shut off. The resistance of 
the on state can be made lower than that of MOS type 
memory of similar size. As mentioned above, ion defi- 
cient layer or the disappearance state of metal filament 
18 corresponds to the void required for electronic cells 
of the thirdly existing example, and so the void is no 
longer needed. 

Since the solid electrolyte switching device of the 
present invention has simple structure, and is operated, 
in principle, by the size of atomic order, by farthe higher 
integration is possible than existing electric cells, in ad- 
dition the fabrication of the device is relatively simple. 
[0067] Next, the fifth embodiment with regard to FP- 
GA using a solid electrolyte switching device of the 
present invention is shown. 

Fig. 14 shows an outline of an FPGA 30 using a 
solid electrolyte switch ing device of the fifth embodiment 
of the present invention. FPGA 30 consists of, as basic 
units, a logic circuit block 31, interconnections 33 - 35 
in the logic circuit block 31 , and a solid electrolyte 
switching device 32 of the present invention that switch- 
es the connection of interconnections. Further, FPGA 
30 is constituted by the plurality of logic circuit blocks 
31 , the interconnections 33 - 35 in the plurality of logic 
circuit blocks 31 , and the solid electrolyte switching de- 
vice 32 of the present invention which switches the con- 
nection of the plurality of interconnections. 
[0068] On the substrate 11 on which the logic circuit 
block 31 and peripheral circuits are integrated, the solid 
electrolyte switching device 32 described in either one 
of the first to the fourth embodiments and interconnec- 
tions 33 - 35 are formed. The vertical interconnections 
(33, 35) and the horizontal interconnections (34) which 
are connected to the solid electrolyte switching device 
32 correspond, respectively, to the first interconnection 
layer 13 and the second interconnection layer 14 shown 
in either one of Fig. 1 - Fig. 4, or the second intercon- 
nection layer 14 and the first interconnection layer 13. 
FPGA of desired function is manufactured by selecting 
the first and the second interconnection layers, and set- 
ting the desired solid electrolyte switching device to the 
on or off states. 

Since the solid electrolyte switching device 32 of 
the present invention can be switched reversibly from 
the off to the on state, or from the on to the off state by 



applying a threshold voltage between the first intercon- 
nection layer 13 and the second interconnection layer 
1 4, the FPGA of the present invention is the re-writable 
FPGA. The reproducibility is also sufficient, and the FP- 
5 GA of the present invention is capable of programming 
of 1 0 6 times. Further, since the on resistance of the solid 
electrolyte switching device 32 of the present invention 
is low, FPGA of small propagation delay is possible. 
[0069] Next, the sixth embodiment with regard to a 
10 memory device using a solid electrolyte switching de- 
vice of the present invention is shown. 

Fig. 15 is a diagram of a memory device using a 
solid electrolyte switching device of the sixth embodi- 
ment of the present invention. In this figure, a memory 
15 device 50 using a solid electrolyte switching device of 
the present invention is constituted by a MOS transistor 
41 for cell selection, a solid electrolyte switching device 
42, a bit line 43, a ground line 44, and a word line 45. 
The first interconnection layer 46 as one end of the solid 
20 electrolyte switching device 42 is connected to a drain 
of the MOS transistor 41 , and the second interconnec- 
tion layer 47 as the other end of the solid electrolyte 
switching device 42 is connected to the ground line 44. 
Needless to mention, these first and second intercon- 
25 nection layers may be changed. 

[0070] In case to program the memory device 50 us- 
ing a solid electrolyte switching device, the MOS tran- 
sistor 41 is set to select the bit line 45 and the ground 
line 44 in the on state by applying a voltage to the word 
30 line 45. And then, a threshold voltage is applied to the 
solid electrolyte switching device 42 by applying the volt- 
age between bit line 43 and the ground line 44. The 
threshold voltage is about +0.07V and -0.28V in the ex- 
ample of Fig. 5 described above. For example, the solid 
35 electrolyte switching device 42 is set in the off state by 
applying a voltage of +0.07V higher than the on voltage 
of MOS transistor between the bit line 43 and the ground 
line 44, and the off state is memorized. The solid elec- 
trolyte switching device 42 is set in the on state by ap- 
40 plying a voltage lower than - 0.28V to the solid electro- 
lyte switching device 42 between the bit line 43 and the 
ground line 44, and the on state is memorized. 
[0071] In order to read out the memorized data in the 
memory device 50 using the solid electrolyte switching 
45 device, MOS transistor 41 is set in the on state by ap- 
plying a voltage to the word line 45, and then a resist- 
ance between the bit line 43 and the ground line 44 is 
detected. The resistance is high if the solid electrolyte 
switching device 42 is in the off state, and low if it is in 
50 the on state. Thus, the stored data in the memory device 
50 using the solid electrolyte switching device can be 
read out. Since the stored data of the solid electrolyte 
switching device is retained even if the voltage of the 
power source is disconnected, the memory device 50 
55 using the solid electrolyte switching device 42 of the 
present invention can be used as a non-volatile memory 
device. 

[0072] Next, the seventh embodiment of a manufac- 
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turing method of a solid electrolyte switching device of 
the present invention is explained with reference to Fig. 
16. 

Fig. 16 shows, in order, a manufacturing process 
of the solid electrolyte switching device with respect to 
the first embodiment mentioned above, and does so us- 
ing a cross-sectional illustration of the device. As shown 
in Fig. 1 6(a), a substrate 1 1 is manufactured first by ox- 
idizing a silicon substrate, and then a copper thin film of 
200nm thickness is formed on the substrate 1 1 by a vac- 
uum evaporation or a sputtering method. 

Next, by using a resist mask with an open window 
except for a region of the first interconnection layer 13, 
a shape of the first interconnection layer 13 is formed 
by an etching the excess copper thin film outside of the 
first interconnection layer 13 by a wet etching method 
or a reactive ion etching method. 
[0073] Next, as is shown in Fig. 16(b), an interlevel 
insulating layer 12 is formed. For example, a silicon oxy- 
nitride film (SiON) is formed by the sputtering method 
as the interlevel insulating layer 12. After the formation 
of the interlevel insulating layer 12. a via hole 51 is 
formed by the dry or wet etching with the resist pattern 
mask opened in the via le 51 region. 

Here, the material of the interlevel insulating layer 
12 is preferably a low-k (dielectric constant) dielectric 
film to shorten propagation delay time and to reduce the 
parasitic capacitance. The material of the interlevel in- 
sulating layer 12, may be either one of Si0 2 film : an in- 
sulating polymer material, or silicon oxy-nitride film. The 
insulating polymer material may be chloromethylated 
calixarene (p-chloromethoxy calyx[6]arene) or else can 
be preferably used. Also, the formation of the interlevel 
insulating layer 12 is preferably a low temperature proc- 
ess. The thickness of this interlevel insulating layer 12 
may be 50 - 500nm. 

[0074] Next, copper exposed on via hole 51 is sul- 
phidized. The sulphidizing copper is conducted by an 
anodic polarization in the aqueous solution containing 
sulfide. The anodic polarization is conducted with cop- 
per thin film as a cathode in the aqueous solution con- 
taining 0.05 mole/liter of sodium sulfide. The applied 
voltage is about 0.5V or so, andthesulphidit is adjusted 
by controlling ion current. Sulphidizing is stopped when 
the copper thin film surface layer has been sulphidized 
to the desired thickness. For example, the reaction is 
stopped when the copper thin film surface layer is sul- 
phidized to 2 to 20nm. The copper sulfide part thus sul- 
phidized becomes the solid electrolyte layer 1 6, and the 
copper part left over not sulphidized becomes the first 
interconnection layer 13. During this sulphidizing here, 
since the sulfidit can be controlled by measurement of 
the conductivity of copper thin film, the copper thin film 
can be formed with sulfide film thickness being control- 
led. In the present example, since copperthatisthe con- 
stituting metal of solid electrolyte is used as the material 
of the first interconnection layer 13, the forming of an 
ion supplying layer 17 can be omitted. 



Here the thickness of the solid electrolyte layer 16 
may be about 2 to 200nm in case of copper sulfide that 
is mixed conductive material. The film thickness when 
copper is used for the first interconnection layer 13 may 
5 be about 20 to 300nm. If the first interconnection layer 
1 3 is anything other than copper, then the ion supplying 
layer 1 7 may be of copper as a material and its film thick- 
ness may be about 2 to 50nm. The second interconnec- 
tion layer 14 may be of copper, and its film thickness 
10 may be about 20 to 300nm. 

[0075] Next, as shown in Fig. 16(c), a counter elec- 
trode layer 15 is formed with titanium. In the present ex- 
ample titanium was deposited by the vacuum evapora- 
tion method. The thickness of the counter electrode lay- 
's er 1 5 was 5 to 30nm. 

Finally, asshown in Fig. 16(d), copperthat is going 
to be the second interconnection layer is deposited onto 
the interlevel insulating layer 12 by the sputtering meth- 
od. Next, by using a resist mask with an open window 
20 outside of the region of the second interconnection layer 
1 4, the second interconnection layer 1 4 is formed by the 
dry etching method. In the present example copper film 
of thickness about 20 to 300nm is used for the second 
interconnection layer 14. Besides copper as mentioned 
25 above, the first interconnection layer 1 3 and the second 
interconnection layer 14 may be of any conventional in- 
terconnection materials such as, for example, alumi- 
num, gold, and platinum. 

The solid electrolyte switching device of the 
30 present invention can thus be fabricated, and copper 
sulfide which is mixed conductive material is preferred 
as the solid electrolyte layer 1 6. Copper sulfide changes 
from cupric sulfide to stable cuprous sulfide at 220°C. 
The melting point of cuprous sulfide is 1130°C and so 
35 its thermal stability is good. It is confirmed by the present 
inventors that the characteristic change is not observed 
by one hour of heating at 300°C. 
[0076] Next, the eighth embodiment of the manufac- 
turing method of a solid electrolyte switching device of 
40 the present invention is explained with reference to Fig. 
17. 

Fig. 1 7 shows in order the manufacturing process 
of a solid electrolyte switching device 20 with respect to 
the third embodiment described above, and does so us- 
45 ing a cross-sectional illustration of the device. As is 
shown in Fig. 17(a), a substrate 11 is manufactured first 
by oxidizing a silicon substrate, and then copperthin film 
of 200nm thickness is formed as the first i nterconnection 
layer 1 3 on the substrate 1 1 by the vacuum evaporation 
50 or sputtering method. Next, a counter electrode layer 1 5 
is formed with titanium by the vacuum evaporation 
method. Copper thin film and titanium are etched to the 
shape of a first interconnection layer 1 3 through a resist 
pattern mask with an open window except for the region 
55 of the first interconnection layer 13 by using either wet 
etching or reactive ion etching method. 
[0077] Next, as shown in Fig. 17(b), a silicon oxy-ni- 
tride film is formed by the sputtering method to form an 
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interlevel insulating layer 12. After the formation of the 
silicon oxy-nitride film, a via hole 51 is formed by the dry 
or wet etching with the resist pattern mask opened in 
the via hole region 51 . 

Next, as shown in Fig. 17(c), a sol id electrolyte lay- 
er 1 6 is formed. Copper thin film of 200nm thickness is 
formed first by the vacuum evaporation or sputtering 
method. Followingthis, thecopperthinfilm is completely 
sulphidized by anodic polarization in the aqueous solu- 
tion containing sulfide. Further, by using a resist mask 
with an open window except for the region of a solid 
electrolyte layer 16, the solid electrolyte layer 16 is 
formed by etching unnecessary copper using reactive 
ion etching method. 

Finally, as shown in Fig. 17(d), copper is deposited 
by the sputtering method, and the second interconnec- 
tion layer 14 is formed by etching copper outside of the 
second interconnection layer. Etching is performed by 
the reactive ion etching method with a resist mask that 
has an opening window outside of the region of the sec- 
ond interconnection layer 14. Since the first intercon- 
nection layer 14 is made of copper, formation of an ion 
supplying layer 17 was omitted. 

[0078] Here, the performances of a solid electrolyte 
switching device of the present invention shown in Fig. 
5 and Fig. 6 have a tendency that the initial conductivity 
of the solid electrolyte switching device is determined 
by the film thickness of the solid electrolyte layer 16 
which was explained in the manufacturing method of the 
solid electrolyte switching device of the present inven- 
tion with regard to the seventh and eighth embodiments 
described above. If the solid electrolyte layer 1 6 is thick, 
then the initial conductivity of the solid electrolyte 
switching device is low and it tends to be in the off state. 
On the other hand ; if the solid electrolyte layer 16 is thin, 
then the initial conductivity of the solid electrolyte 
switching device is high and it tends to be in the on state 
like the characteristics of the solid electrolyte switching 
device of the present invention shown in Fig. 6. 

The details of film thickness in relation to the initial 
state of the solid electrolyte switching device of the 
present invention being off or on state, and the surface 
condition of the solid electrolyte layer 16 at that time 
have been studied, but the details have so far not been 
clarified. 

[0079] The sulphidizing, to obtain copper sulfide by 
sulphidizing copper, explained in the manufacturing 
method of the solid electrolyte switching device of the 
present invention in the seventh and eighth embodi- 
ments described above, can be conducted by the fol- 
lowing methods besides anodic polarization method. 
The second sulphidizing method is putting the substrate 
11 with copper thin film formed on it into a crucible to- 
gether with sulfur powder, and heating a baking furnace 
up to 130°C in nitrogen atmosphere . Here the sulfidit 
can be known by measuring the conductivity of copper 
thin film during sulphidizing, and so the sulfidit of copper 
thin film can be well controlled. The sulphidizing is to be 



halted when the surface layer of copper thin film is sul- 
phidized to the predetermined thickness. 

The third sulphidizing method is heating a sub- 
strate at 120 to 130°C in the atmosphere of hydrogen 
5 disulfide diluted with nitrogen. In this case, too, the 
sulfidit can be well controlled by measuring the resist- 
ance of the thin copper film. Copper sulfide may be 
formed, not by sulphidizing thin copperfilm, but by such 
techniques as deposition of copper sulfide using sput- 
10 tering or laser ablation method. 

[0080] In the seventh embodiment, if copper sulfide is 
deposited by the sputtering or laser ablation method, 
copper sulfide is deposited and processed after the first 
interconnection layer 13 is formed, and before an inter- 
's level insulating layer 1 2 is formed. 

Here, the combinations of metal sulfide to form a 
solid electrolyte layer 16 and an ion supplying layer 17 
may be, besides the copper sulfide and copper men- 
tioned above, chromium sulfide and chromium, silver 
20 sulfide and silver, titanium sulfide and titanium, tungsten 
sulfide and tungsten, nickel sulfide and nickel, and tan- 
talum sulfide and tantalum. 

A solid electrolyte layer 16 may also be, as the 
material other than the metal sulfides described above, 
25 either one of molybdenum sulfide, zinc sulfide, germa- 
nium-antimony-tellurium compound, or arsenic-telluri- 
um-germanium-silicon compound. And for the ion sup- 
plying layer 1 7 silver can be used besides copper. 

As for the combination of the solid electrolyte layer 
30 16 and the ion supplying layer, the l-V characteristics 
similar to Fig. 5 and Fig. 6 were observed for the com- 
binations molybdenum sulfide and copper and germa- 
nium-antimony-tellurium compound and silver, respec- 
tively. 

35 [0081] Thus, by the manufacturing method of the solid 
electrolyte switching device of the seventh and eighth 
embodiments of the present invention, the solid electro- 
lyte switching device can be manufactured with high ac- 
curacy and reproducibility by using such well-known 

40 fabrication technologies of integrated circuits as metal 
film deposition, sulphidizing, metal etching, or oxide or 
nitride film deposition and their etching. Hence the solid 
electrolyte switching device can be easily fabricated 
with low cost. 

45 [0082] The on voltage at which the solid electrolyte 
switching device turns from the off to on state, and the 
off voltage at which the solid electrolyte device turns 
from the on to off state, that is, the threshold voltage, 
can be controlled by adjusting the voltage applied be- 
so tween the solid electrolyte layer and the counter elec- 
trode layer upon manufacturing. In case of the example 
shown in Fig. 5, assume that the voltage applied be- 
tween the second interconnection layer 1 4 and the first 
interconnection layer 13 is expressed as positive for the 
55 second interconnection layer 14 side. After applying a 
voltage of -1 V which is the negative threshold voltage 
for 10 seconds, then the threshold voltage is changed 
to -0.4V fortransition from the off to on state. With higher 
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applied voltage, further higher threshold voltage can be 
obtained. In case of the example shown in Fig. 6, the 
threshold voltage is±0.6V by ±1 V of the applied voltage. 
Further with higher applied voltage, higher threshold 
voltage can be obtained. 

[0083] The present invention is by no way limited to 
the embodiments described above, but various modifi- 
cations are possible within the range of invention set 
forth in the claims, and needless to say that these are 
also included in the range of the present invention. In 
the embodiment described above, for example, the case 
in which silicon is used as substrate was explained, but 
substrates are not limited by this, and of course com- 
pound semiconductors and others are also applicable. 

Industrial Applicability 

[0084] As will have been appreciated from the forego- 
ing description, the present invention provides switching 
devices which can set on or off state at will by applying 
the predetermined voltage, which are non-volatile, and 
which have low resistance in the on state. Further since 
theswitching devices of the present invention aresimple 
and fine structured, they are capable of bringing about 
a far finer structure than are the switching devices of the 
present state of the art. 

Further, by using the switching devices of the 
present invention as the switching devices for FPGA, 
re-programmable FPGA of high operation speed can be 
provided. 

Further, by using the switching devices of the 
present invention as a memory cell of memory devices, 
non-volatile memory device of high programming and 
reading speed can be provided. Further since the 
switching devices of the present invention are simple 
and fine structured, the memory integrated circuits of 
high integration and high speed can be provided. 

Further, by a manufacturing method of the present 
invention, production can be of high accuracy and re- 
producibility by applying prior integrated circuits tech- 
nologies, and hence the solid electrolyte switching de- 
vice, and such integrated circuits as FPGA, memory, 
and so forth using them can be provided at low cost. 



Claims 

1 . A solid electrolyte switching device, comprising: 

a substrate in which surface is coated with an 
insulation layer; 

a first interconnection layer set on said sub- 
strate; 

an ion supplying layer set on said first intercon- 
nection layer; 

a solid electrolyte layer set on said ion supply- 
ing layer; 

an interlevel insulating layer having a via hole 



set to cover said first interconnection layer, said 
ion supplying layer, and said solid electrolyte 
layer; 

a counter electrode layer set to contact said sol- 
5 id electrolyte layer through said via hole of said 

interlevel insulating layer; and 
a second interconnection layer setto cover said 
counter electrode layer. 

10 2. A solid electrolyte switching device, comprising: 

a substrate in which surface is coated with an 
insulation layer; 

a first interconnection layer set on said sub- 
's strate; 

a counter electrode layer set on said first inter- 
connection layer; 

a solid electrolyte layer set on said counter 
electrode layer; 
20 an interlevel insulating layer having a via hole 

setto cover said first interconnection layer, said 
counter electrode layer, and said solid electro- 
lyte layer; 

an ion supplying layer set to contact said solid 
25 electrolyte layer through said via hole of said 

interlevel insulating layer; and 
a second interconnection layer setto cover said 
ion supplying layer. 

30 3. The solid electrolyte switching device as set forth in 
claim 1 or claim 2, characterized in that said solid 
electrolyte layer consists of an ion conductive ma- 
terial, and said ion supplying layer consists of the 
material which supplies ions to said ion conductive 

35 material. 

4. The solid electrolyte switching device as set forth in 
any one of claims 1 - 3, characterized in that, said 
solid electrolyte layer is any one of copper sulfide, 

40 chromium sulfide, silver sulfide, titanium sulfide, 
tungsten sulfide, nickel sulfide, tantalum sulfide, 
molybdenum sulfide, zinc sulfide, germanium-anti- 
mony-tellurium compound, and arsenic-tellurium- 
germanium-silicon compound. 

45 

5. The solid electrolyte switching device as set forth in 
any one of claims 1 - 3, characterized in that said 
ion supplying layer is silver or copper. 

50 6. The solid electrolyte switching device as set forth in 
claim 1 or claim 2, characterized in that said solid 
electrolyte layer consists of the mixed conductive 
material in which ion conduction and electron con- 
duction co-exist, and said ion supplying layer con- 

55 sists of the material which supplies ions to said 
mixed conductive material. 

7. The solid electrolyte switching device as set forth in 
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any one of claims 1 , 2, or 6, characterized in that 
the combination of said solid electrolyte layer and 
said ion supplying layer is any one combination of 
copper sulfide and copper, chromium sulfide and 
chromium, silver sulfide and silver, titanium sulfide 
and titanium, tungsten sulfide and tungsten, nickel 
sulfide and nickel, and tantalum sulfide and tanta- 
lum. 

8. A solid electrolyte switching device, comprising: 

a substrate in which surface is coated with an 
insulation layer; 

a first interconnection layer set on said sub- 
strate; 

a solid electrolyte layer consisting of mixed 
conductive material which contains ion conduc- 
tive material or metal ions and in which ion con- 
duction and electron conduction co-exist set on 
said first interconnection layer; 
an interlevel insulating layer having a via hole 
set to cover said first interconnection layer and 
said solid electrolyte layer; 
a counter electrode layer set to contact said sol- 
id electrolyte layerth rough said via hole of said 
interlevel insulating layer; and 
asecond interconnection layer setto coversaid 
counter electrode layer; 
and said first interconnection layer contains the 
metal which is contained in said solid electro- 
lyte layer. 

9. A solid electrolyte switching device, comprising: 

a substrate in which the surface is coated with 
an insulation layer; 

a first interconnection layer set on said sub- 
strate; 

a solid electrolyte layer consisting of mixed 
conductive material which contains ion conduc- 
tive material or metal ions and in which ion con- 
duction and electron conduction co-exist set on 
said first interconnection layer; 
an interlevel insulating layer having a via hole 
formed on said substrate and set to cover said 
first interconnection layer and said solid elec- 
trolyte layer; 

a counter electrode layer set to contact said sol- 
id electrolyte layer through said via hole of said 
interlevel insulating layer; and 
asecond interconnection layer setto coversaid 
counter electrode layer; 

and said second interconnection layer contains 
the metal which is contained in said solid elec- 
trolyte layer. 

1 0. The solid electrolyte switching device as set forth in 
claim 8 or claim 9, characterized in that said solid 



electrolyte layer consists of metal sulfide, and said 
first or second interconnection layer contains the 
metal which is contained in said metal sulfide. 

5 11. The solid electrolyte switching device as set forth in 
claim 10, characterized in that said metal sulfide 
is copper sulfide, and said first or second intercon- 
nection layer contains copper. 

10 12. The solid electrolyte switching device as set forth in 
any one of claims 1, 2, 8, or 9, characterized in 
that said counter electrode layer is any one of plat- 
inum, aluminum, copper, titanium, tungsten, vana- 
dium, niobium, tantalum, chromium, molybdenum, 

15 and the nitride or silicide of these metals, or the 
combination thereof. 

13. The solid electrolyte switching device as set forth in 
any one of claims 1-12, characterized in that, said 

20 solid electrolyte switching device has off character- 
istics in the initial state before voltage application. 

14. The solid electrolyte switching device as set forth in 
any one of claims 1-12, characterized in that said 

25 solid electrolyte switching device has on character- 
istics in the initial state before voltage application. 

15. A solid electrolyte switching device as set forth in 
any one of claims 1-14, characterized in that for 

30 said solid electrolyte switching device to transit be- 
tween on and off states, an input voltage or its ap- 
plication time is feedback controlled so to make the 
on or off resistance to obtain the desired value. 0 

35 16. FPGA which uses a solid electrolyte switching de- 
vice, characterized in that the solid electrolyte 
switching device as set forth in any one of claims 1 
- 1 5 is used as a switching device for programming 
of FPGA. 

40 

17. A memory device which uses a solid electrolyte 
switching device, characterized in that said mem- 
ory device has the solid electrolyte switching device 
as set forth in any one of claims 1-15 and a MOS 
45 transistor, and said first or second interconnection 
layer of said solid electrolyte switching device is 
connected to the drain or source of said MOS tran- 
sistor. 

50 18. A memory device which uses a solid electrolyte 
switching device, characterized in that said mem- 
ory cell has the solid electrolyte switching device as 
set forth in any one of claims 1-15 and a MOS tran- 
sistor, and the first interconnection layer of said sol- 
55 id electrolyte switching device is connected to the 
drain of said MOS transistor, and the second inter- 
connection layer of said solid electrolyte switching 
device is connected to aground line, and the source 
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of said MOS transistor is made an address line, and 
the gate of said MOS transistor is made a word line. 

19. A method of manufacture of a solid electrolyte 
switching device, comprising: 5 

a process to form a first interconnection layer 
on a substrate; 

a process to form an ion supplying layer on said 
first interconnection layer; 10 
a process to coat an interlevel insulating layer 
having a via hole on said ion supplying layer; 
a process to form a solid electrolyte layer 
through said via hole; 

a process to form a counter electrode layer con- 15 
tacted to said solid electrolyte layer through 
said via hole; and 

a process to form a second interconnection lay- 
er coating said counter electrode layer. 

20 

20. A method of manufacture of a solid electrolyte 
switching device, comprising: 

a process to form a first interconnection layer 
on a substrate; 25 
a process to form a counter electrode layer on 
said first interconnection layer; 
a process to coat an interlevel insulating layer 
having a via hole on said counter electrode lay- 
er; 30 
a process to form a solid electrolyte layer 
through said via hole; 

a process to form an ion supplying layer con- 
tacted to said solid electrolyte layer through 
said via hole; and 35 
a process to form a second interconnection lay- 
er coating said ion supplying layer. 

21. The method of manufacture of a solid electrolyte 
switching device as set forth in claim 1 9 or claim 20, 40 
characterized in that the process to form a solid 
electrolyte layer through said via hole is the process 

to sulfidize by anodic polarization of said metal thin 
film as an anode in the aqueous solution of sodium 
sulfide with said interlevel insulating layer having 45 
said via hole as a mask. 

22. The method of manufacture of a solid electrolyte 
switching device as set forth in claim 21 , charac- 
terized in that during said sulfdization for control- 50 
ling the film thickness of said solid electrolyte layer, 
said solid electrolyte layer and said ion supplying 
layer are formed simultaneously by measuring and 
controlling the conductivity of said metal thin film. 

55 

23. The method of manufacture of a solid electrolyte 
switching device as set forth in any one of claims 
19-22, characterized by controlling on voltage for 



said solid electrolyte switching device to transit from 
off to on state by adjusting the voltage applied be- 
tween said solid electrolyte layer and said counter 
electrode layer upon manufacture. 

24. The method of manufacture of a solid electrolyte 
switching device as set forth in any one of claims 
1 9 - 22, characterized by controlling off voltage for 
said solid electrolyte switching device to transit from 
on to off state by adjusting the voltage applied be- 
tween said solid electrolyte layer and said counter 
electrode layer upon manufacture. 
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